Oligomers of β-amyloid protein (Aβ1-42) induce the activation of cyclooxygenase-2 in astrocytes via an interaction with interleukin-1β, tumour necrosis factor-α, and a nuclear factor κ-B mechanism in the rat brain.
Despite growing evidence indicating the effects of cytokines, including interleukin-1beta (IL-1β) and tumour necrosis factor-α (TNFα), and the enzyme cyclooxygenase-2 (COX-2) in Alzheimer's diseases, little is known about the signalling mechanisms that mediate its activation in response to beta-amyloid protein (Aβ). The aim of this study was first to investigate whether Aβ1-42 peptide induced the up-regulation of COX-2. We then examined the expression of COX-2 and cytokines, such as IL-1β and TNFα, in reactive astrocytes. Finally, we analyzed the role of nuclear factor kappa-B (NF-κB) as a signalling pathway in early stages of Aβ-toxicity. In Wistar rats anaesthetised with equitesine, a single microinjection of Aβ1-42 oligomers was made in the left retrosplenial cortex. Control animals were injected with Aβ42-1 peptide into the corresponding region of the cerebral cortex. By COX-2 immunoblotting, we detected two immunopositive protein bands, at 70 and 50 kDa molecular mass. In the Aβ1-42-injected animals the 50 kDa fragment showed a significant increase at 3 and 14 days, as compared with that seen in control animals. The 70 kDa fragment showed a maximal increase at 14 days. In the Aβ1-42-injected animals immunoblot staining of NF-κB detected an active protein band at 50 kDa molecular mass, showing a maximal increase at the 72 h time point. Confocal analysis revealed that COX-2 protein co-localized with Aβ-IR material at the injection site and in endothelial blood vessels, increasing at 72 h. In the Aβ oligomer-treated animals, COX-2, IL-1β, and TNFα proteins were expressed in reactive astrocytes surrounding the injection site and blood vessels at early stages of Aβ toxicity. Double-labelling immunofluorescence studies also revealed that GFAP and COX-2 proteins co-localized with NF-κB-positive material at early time-points. In conclusion, our results suggest that in reactive astrocytes and in COX-2 positive cells NF-κB may mediate pro-, and/or inflammatory gene expression and that, develop strategies that target the GFAP/NF-κB and COX-2/NF-κB pathways might contribute to reducing Aβ-induced toxicity.